Abstract Views the scarcity of building sites, the urban development on soils with problems such as swelling soils, causes the damage to lightweight structures, as a sewerage networks, shod, etc. These damages are often classified in the low risk category. However, the neglect of these disorders can create geotechnical problems, much more complicated, with high risk, as a land motion. This case of disorders has been recording in several regions in Algeria, as example: Ain Defla, Boumerdes, and Medea, which is the studied case in this paper. The geotechnical study and the swelling tests on undisturbed and remolded samples, indicate the presence of a high swelling clay layer, of about 3-4 m deep. This research focuses on the evolution of the phenomenon of shrinking and swelling under the effect of a set of parameters existing in situ, such as climate cycles (alternating between winter and summer) and the effect of soil saturation mode. In this work, two modes are studied: saturation by infiltration and saturation by capillary. The results analysis shows the remolding of samples structure and the loss of their initial mechanical and physical properties. The test results justify the observed disorder on the site such as the erosion of foundation soils under the effect of the flow of surface water, and landslide triggering, affecting the whole of the site, and endanger the university campus located on this site.
Introduction
The swelling phenomenon of some geological clay formations, with high plasticity index, makes serious problems in several countries of the world such as those located in arid and semi arid climatic areas. This phenomenon causes significant disorders in the structures, because of extreme weather conditions. All types of structures, based on these soils, suffer damage. The examples of disorders related to the presence of swelling clays, are wide and varied [9] . In Algeria, the swelling clay soils are widespread, and many regions as: In-Amenas In-Salah, Medea, M'sila, Tlemcen, Mostaganem, etc., are affected. Many cases of structures disorders have been identified [2, 6, 7] .
This phenomenon still continues to occur in many areas and causes considerable damage every year, particularly in light constructions.
Many studies have been conducted to simulate deformations caused by seasonal variations represented by cyclic water solicitation, such as the work of Chen and Ma [4] ; Subba Rao and Satyadas [10] , Al-Homoud et al. [1] , Basma et al. [3] , Tripathy et al. [11] , Geremew et al. [8] . They studied the shrinkage phenomenon swelling on disturbed and compacted soils.
Although these works are not carried out under identical conditions, for the majority of them, there is a stabilization of the phenomenon of swelling-shrinkage after four or five cycles. The results of Tripathy et al. [11] , in particular, shows that the effect of the initial conditions is almost zero after four or five cycles of wetting-drying, and swelling shrinkage phenomenon depends mainly on the type of clay [12, 5] .
According Geremew et al. [8] , the results obtained on specimens alternately subjected to total wetting phases and complete drying phases, show that during the first cycle, the cracks caused by drying increases soil permeability, and influences the swelling kinetics in the next cycle. In all samples of the same cyclic testing a stabilization of deformations will start from the third cycle. However, all samples showed an increase of the cumulative swelling during cycles. The deformation caused by shrinkage and swelling is not completely reversible.
This article presents and discusses various pathological cases observed in the university campus, located in Medea site, related to swelling and shrinking phenomenon.
In this paper, the cyclical climatic solicitations are carried out in a climatic room, with the aim of adding the effect of all the climatic parameters on the ground such as the temperature, humidity and rainfall and studying their effect on swelling clay. The values of this parameters were obtained from the climatic data of the Medea region. The soil used is a swelling clay extracted about 5 m deep Medea site. The test is run on undisturbed soil.
Site description
The administrative center of Medea is located about 80 km south of Algiers, in the center of the Tellien Atlas, characterized by a high altitude and hilly ground. Medea is characterized by a sub-humid Mediterranean climate, dry and hot in summer with temperatures can reach 40°C, and a rainy, snowy winter with temperatures between -1 and 5°C. These temperatures were noticed much in the last 5 years. The temperature variations and moisture are repeated every year, and form a wetting-drying cycle. These climatic changes are triggers an initial state modification of expansive soils. In the presence of water in liquid or vapor form, expansive soils increase in volume. Under the effect of heat, the soil undergone shrinkage, which creates cracks in all directions with different dimensions. The university campus site is located in the north of Medea city (Fig. 1) . Lithostratigraphy and geology of Medea is composed, in depth, of a marl-calcareous formation, with a predominance of consolidated marly benches and topped by a layer of clay.
According to the geotechnical investigation, the North of Medea composed essentially of a grayish marl bedrock sometimes blueish very compact in depth. This substratum is surmounted by a layer of marly clay brownish or grayish and greenish color, gray tinged with yellow color in some places. These marly clays contain sometimes blocks of sandstone beige or yellowish color, with centimetric dimensions in some places. Whitish color of carbonate nodules are also found in this marly clay layer, whose thickness varies between 2.00 and 6.50 m. A layer of topsoil about 0.50 m covers the whole. The site has undergone a landslide just after completion of the campus, the causes of this phenomenon are the subject of this work.
The analysis of geotechnical data
A geotechnical investigation was carried out on the site of the university campus located in Medea. Intact samples are taken of each soil layer to submit them to the various geotechnical tests. Some samples were also collected in the vicinity of a break line. The obtained results are summarizing in Tables 1 and 2 .
Piezometers tests showed the absence of a groundwater in the studied site. From Table 2 , the studied site soil is dense, weakly to moderately moist. The clay fraction is greater than 40%. The Casagrande abacus shows a high plastic clay (Fig. 2) . The activity (Ac) is greater than 1.25, it reflects an active clay soil. The mechanical characteristics indicates high shear strength at different depths, high cohesion (C cd ) and an appreciable friction angle (u) (characteristics of dry clay soils). Preconsolidation pressure (P c ) is greater than 200 kPa and the compressibility index (C c ) is between 8 and 28%, indicating a medium and strong compressible soil. The swelling test results show that: the swelling indexes (S i ) are between 7 and 12%, and the swelling pressures (S p ) are higher than 400 kPa (characteristics of swelling soils). These tests were doing to identifying the causes of observed ground motion in the studied site. Hence, Table 2 .
At the near of break line, the soil consists of an active clay. It is moist and moderately dense above 5 m of deep, and moderately moist and dense below 5 m of deep. The shear strength is very low which justifies the loss of mechanical properties after shearing and rupture ( Table 2 ).
Evolution of shear stress before and after swelling
Shear tests are performed on samples slightly remolded (drying effect), in the subject to study the path of swelling phenomenon on soil's shear strength. The procedure consists to perform shear tests on wet soil and low moist soils. Drying took place under the ambient temperature of laboratory and it causes hardening of the clay samples. Monitoring of water content was necessary to avoid complete curing of the sample, then, the impossibility of hobbing. The results are showing in Table 3 .
This operation allowed us to move from soft and low ground, to a hard and strong soil as confirmed by the mechanical characteristics in Table 3 , only, by changing its water state. For this reason the landslide are reactivated in winter and stabilized in summer, and the soap layer has the same characteristics as the swelling clay.
Study of the ground motion occurred in the studied site
Signs of ground motion
The site has undergone a number of pathologies, they are shown in Fig. 3 . This figure provides an overview about Table 2 Geotechnical parameters near the break line land motion observed in the studied site, composed mainly of active clay layer. An erosion phenomenon is also observed on the slope, Fig. 3a . The soil has undergone shrinking-swelling and became very permeable. The water of damaged sewage network, flows on the surface, following the inclination of the slope. It brings the soil having already had swelling, this soil is easily transported because of the loss of his strength. The permanent flow brings up significant erosion trenches on the studied site, Fig. 3a . A trench crossed the closing walls of the university campus and causing the transport of the foundation soil, and their destruction. Under the effects of seasonal variations, the soil layer has undergone volume changes observed at the form of bulge and opening of shrinkage cracks, Fig. 3b . This repeated motion has damaged the wastewater networks located about 1 m from the surface of ground. This allowed the water to flow through shrinkage cracks, and create soap layer in the site. Figure 3c shows the flow of water upstream of the site. The slide area and break line are exposing in Fig. 3e. Through Fig. 3f , the closing walls, located before the slide area, are also affecting by the ground motion. The bitumen covering the road leading to the northern borderland of the site is damaging, so, the motion has affected the whole south-west part of the site.
The land motion has affected, for now, the lightweight construction, it means that it is probably superficial.
Effect of climate cycles on swelling clay
In nature, the water flows either from the surface to the depth (direction of gravity) by infiltration phenomenon, or from the depth to the surface (opposite direction of gravity) by capillary action. In this research, the effect of the two paths of water on swelling clays is studied, in extreme climatic conditions (summer and winter). This work is done with the aim to see the effect of water path on the behavior of swelling clays of Medea, in climatic conditions. The evolution of the structure is followed during the drying-wetting cycles (shrinkage-swelling) by taking pictures at the end of each one. This study is realized on more than one sample. Some results are showed in this paper. 
Test procedure
The study was conducting on intact identical clay samples and they are cutting from the same block. The samples have a diameter of 63 mm and a height of 25.4 mm. They are coating laterally, with elastic membranes of low rigidity, to maintain the samples shapes. The test principle involves exposing the samples to alternating cycles of shrinkage and swelling in a climatic room, equipped with a digital program on which the summer and winter characteristics are defined. Drying (shrinking) is carried out in dry air at a temperature of about 41 ; 4°C and humidity level of 2 ; 2% (characteristic of summer), this phase ends when the sample weight becomes constant. After 48 h, the program automatically switches to winter characteristics; with humidity ranging between 92 and 100%, and a temperature of about 1 ; 2°C. This phase ends after complete saturation and total swelling samples, generally after 24 h, because of the small sample size. Figure 4 shows the saturation by capillary action and Fig. 5 shows the behavior of samples under the effect of the saturation by infiltration. The geotechnical characteristics of these samples are shown in Table 4 . Both samples have a high dry density and a medium water content.
Presentation of result

Wetting of clay by capillary action
At the start of capillary wetting stage, the dry upper part of this sample has undergone a slight raising, then a bursting, this behavior comes from push applied by the lower part swollen. In addition, a significant deformation and cracks are observed, in the vertical direction. The sample has crumbled gradually during the wetting-drying cycles and was cracked vertically and horizontally. The sample does not return to its original dimension after shrinkage and it undergone a cumulus swelling during the following shrinking and swelling cycles.
A thin whitish color layer gradually coveres the surface of the sample (Fig. 4a, b) , during the cycles. It represents a cumulus of salts transported by water at the surface.
Chemical analyzes showed that the whitish layer is a calcium carbonate salts, knowing that the salt dominant in these samples is calcium carbonate (CaCO 3 ) (about 20%). The thickness of this layer depends on the percentage of calcium carbonate existing in the soil.
Wetting of clay by infiltration
In the first cycle of drying, the cracks are observed in the clay samples D2 and B2 showing in the Fig. 5 , and shrink of the samples volume. The reorder of small aggregates has generated gradual erosion of samples and the increase of permeability from the second cycle, this reorder continuous to occur in the next cycles. For this reason, the crumbling of the aggregates is observed over wetting stages in the following swelling-shrinking cycles.
During the sixth cycle of sample D2, the temperature dropped at minus one (-1°C), the water has frozen. The pore volume increases and the cracks of shrinkage broaden (Fig. 5) . The sample has undergone considerable deformation in both vertical and horizontal directions, due to the freezing of water. At the end of climatic cycles, the samples D2 and B2 have completely lost these textural and geotechnical characteristics.
Discussion of results
In the two path of water, the swelling occurred slowly, during the first wetting cycle, because of the low permeability of clay samples. From the second cycle, a porous network expanded in the clay structure, and improves his permeability. The drying takes place in the same manner as wetting and swelling; it occurs from the outside to the inside of sample. The volume of samples decreases with the increases of water evaporation.
Samples D1, D2, B1 and B2 have undergone significant changes in their macro-structures under the effects of climatic solicitations. The structures of the samples that have undergone capillary action have not undergone a major reorder in their macro structure, and shrinkage cracks are not, as many, compared with those observed on the samples wetted by infiltration.
The upper portion of the dried sample (D1) has undergone a bursting after the wetting of the lower part of the sample by capillary action. This behavior shows the thrust force exerted by swollen soil.
During the ascent of water, by capillary action, the salts dissolved in water are transporting to the surface of the soil. This phenomenon can be observing after drying of the soil surface. In the case of marl samples, the whitish surface appears from the first cycles. This behavior promotes the swelling phenomenon because of gradual decrease in calcium carbonates.
The calcium carbonates are a chemical stabilizer of swelling clays; their progressive decrease increases the swelling potential in clay.
The vertical deformation at the first cycle of wetting is important, but, in other cycles, it is low. Samples maintained a steady pace of shrinking and swelling starting from the fifth cycle.
Evolution of microstructure clay after a cycle of shrinking and swelling
The obtained observations from SEM images shows the evolution of the clay structure after one cycle of shrinking and swelling, as shown in Fig. 6a , b. This picture shows a crumbling of the clyey microparticles and the appearance of microcracks and micropores of different sizes.
The set of observations obtained after one cycle of shrinking and swelling show the opening of new cracks and increasing porosity in the samples; which causes the increase of the permeability of swelling clays. Moreover, the appearance of parallel clay sheets is preserved in the majority of SEM observations.
Conclusion
This work is realized on samples of a swelling site, which has undergone significant disorders because of the presence of swelling clay and water. This phenomenon, called shrinkage and swelling, is often characterizing by the appearance of shrinkage cracks and soil volume changes. It affects light building, but the pictures have shown that this phenomenon is more dangerous because the ground undergone many changes in his strength parameters, making the soil easier to move significantly on slopes. In the presence of water flow, it may be a landslide, as in the study site, or mudslides. These two phenomena are very dangerous on engineering structures. This study complements those conducted in previous years. It shows the sensitivity of expansive soil characteristics in unsaturated conditions. It has been done on several samples of the same clay and the same behavior was observed in all samples. Both saturation modes have weakened the expansive soil by the loss of its physical and mechanical characteristics. These soils are often affected by erosion and collapse.
The analysis of infiltration saturation mode showed that the samples studied reacted to each hydric stress (shrinkage and swelling). During the first wetting cycle, the saturation of the samples took place slowly, the swelling occurred too slowly because of the low permeability of clay samples. From the second cycle, a porous network increase in the clay structure, it has the effect of improving the permeability. Drying takes place in the same manner as saturation and swelling; there occurs from the outside to the inside of a sample that shrinks more with evaporation of water.
In the mode of saturation by capillary, samples studied have undergone significant volumetric strains during saturation. The maximum vertical deformation occurs in the first cycle, and then gradually accumulates in subsequent cycles. The horizontal shrinkage increases further from one cycle to another. The pace of shrinkage and swelling tends to stabilize from the fifth cycle. The temperature effect appears in the increase in the opening of shrinkage cracks, during sample gel.
The capillary rising salt may also harm the foundations if this phenomenon is not considered. For this, it is necessary to use adequate solutions to this kind of ground 
